The aims of this study were to identify Staphylococcus aureus nasal colonization prevalence, behavioural risk factors, and to determine staphylococcal protein A (spa) types in communitybased injection drug users (IDUs). Nasal swabs were collected and methicillin susceptibility testing and spa/SCCmec typing were performed on S. aureus isolates. Generalized estimating equations were used to report adjusted odds ratios and 95% confidence intervals. Of the 440 participants, 24·1% were colonized and 5·7% had methicillin-resistant S. aureus (MRSA). Colonization was associated with age, employment/marital status, and the presence of scabs but not with sexually transmitted disease co-infection, HIV status, antibiotic use, hospitalization, or drug treatment programme participation. The USA300 MRSA clone spa types were most common, but 15/49 spa types were new to one of the international databases. Community-based IDUs appear to have different risk factors compared to IDUs from clinical studies. In addition, the number of newly identified spa types indicates a diverse, understudied population.
INTRODUCTION
Staphylococcus aureus is a common human pathogen frequently responsible for skin and soft-tissue infections, endocarditis and septicaemia [1] . Several anatomical sites are colonized by S. aureus, including the skin, nasopharynx, and perianal region. Although the nasal mucosa represents a preferred niche, colonization can be influenced by the host's immune system, underlying health conditions, and exposure to healthcare settings [2] [3] [4] . Nasal colonization of S. aureus is epidemiologically associated with an increased risk of invasive infections, and higher rates of invasive infections as well as outbreaks have been described in specific populations including injection drug users (IDUs) [3, [5] [6] [7] [8] . Several studies have failed to confirm an association between previously identified risk factors and S. aureus colonization in IDUs [9] [10] [11] [12] . Currently, it remains unknown what community-based risk factors (e.g. sexual behaviours and drug-use habits) are associated with higher colonization rates. Furthermore, data regarding S. aureus nasal colonization in IDUs are inconsistent. For example, it was previously demonstrated that the S. aureus nasal colonization prevalence estimates in IDUs ranged between 20% and 61·4% [7, 9, 10, [13] [14] [15] [16] . By contrast, nasal colonization rates (persistent/intermittent carriers) in the general population range between 20% and 30% [8, 17] . Previous studies regarding methicillin-resistant Staphylococcus aureus (MRSA) colonization rates in IDUs ranged between 2% and 29·2% compared to MRSA colonization rates of 0·4-3·8% in the general population [9, 13, 15, [18] [19] [20] .
Previous colonization studies conducted in healthcare settings (rather than in community-based environments) were subject to considerable biases in the context of obtaining samples representative of IDUs, including an underrepresentation of those who do not regularly obtain healthcare and identification of clinical risk factors that may not be applicable in the community setting. Appropriate surveillance of S. aureus nasal colonization prevalence, molecular characterization of the bacterial isolates, and the identification of community-associated risk factors for a population at high risk for invasive S. aureus outbreaks is necessary to inform healthcare professionals and in identifying potential behavioural prevention methods.
We conducted a cross-sectional study by observing a subsample of participants from the National HIV Behavioral Surveillance (NHBS) System (NHBS-IDU3) in Houston, Texas. The aims of this study were to: (1) determine methicillin-sensitive S. aureus (MSSA) and MRSA nasal colonization prevalence rates; (2) determine behavioural risk factors for S. aureus nasal colonization; and (3) determine the staphylococcal protein A (spa) types of isolates prevalent in respective community-based IDUs.
METHODS

Data collection
Subjects were recruited between September 2012 and December 2012 into this cross-sectional study following completion of data collection in the NHBS-IDU3 study. NHBS is an HIV/AIDS surveillance system managed by the Centers for Disease Control and Prevention (CDC) in coordination with local health departments/universities. The objectives of this system are to monitor HIV prevalence and risk behaviours in US cities, including Houston, Texas. The surveillance system focuses on three groups at high-risk for HIV including IDUs.
NHBS utilized respondent-driven sampling (RDS), which is a sampling methodology used to access hard-to-reach populations to identify communitybased IDUs [21, 22] . Initially, a sample of initial participants (i.e. 'seeds') was identified and approached. Eligible 'seed' participants received five coupons (with identification numbers) for distribution. Referrals were invited to participate if enrolment/ behavioural inclusion criteria were satisfied and received three coupons upon study completion. Criteria for enrolment included: (1) presenting a valid coupon; (2) not having participated in the NHBS-IDU3 cycle; (3) age 518 years; (4) lived in the area; (5) had injected (non-prescription) drugs (past 12 months); and (6) completed the interview in English/Spanish. Additional criteria for 'seed' participants included: (1) recruited by NHBS staff and (2) were male/female (not transgender). Behavioural eligibility requirements included: (1) having physical evidence of recent injection (e.g. fresh track marks, etc.) or (2) knowledge of drug preparation, injection, and needles/syringes. Participants were asked to provide an oral specimen for a rapid HIV-1/2 antibody test (Oraquick Advance ® , OraSure Technologies Inc., USA). Confirmatory tests were performed for presumptive-positive HIV participants. Participants were included in this colonization study if consent to a one-time nasal swab was obtained. Colonization outcomes, HIV status, and NHBS survey responses were linked via identification numbers.
The NHBS-IDU3 study was conducted in the 5th ward of Houston, Texas. The project protocol was approved by the Committee for the Protection of Human Subjects at the University of Texas Health Science Center at Houston.
Microbiological processing and methicillin susceptibility testing
One nasal swab per participant was obtained and each swab was plated twice to ensure the isolation of any S. aureus present on the swab as described below. Specimens were first plated on mannitol salt agar followed by culturing the CultureSwab ® LQ Stuart tips (BD, USA) in tryptic soy broth at 37°C for 48 h. The tips were then plated on mannitol salt agar and incubated for 24 h. Presumptive S. aureuspositive colonies were identified based on morphology and mannitol fermentation. Single colonies were then streaked on both blood and tryptic soy agar plates and incubated for 24 h. A S. aureus isolate was confirmed if both the catalase and coagulase tests were positive. A total of 106 participants were positive for S. aureus. Of these, 31 participants yielded single S. aureus isolates and 75 participants yielded two isolates, thus 181 isolates were submitted for methicillin resistance testing and molecular characterization. Susceptibility to methicillin was determined by plating 100 μl of S. aureus re-suspended in phosphatebuffered saline (PBS, pH 7·0) at an optical density of 0·44-0·54 at 600 nm on Mueller-Hinton agar plates. Following the addition of an oxacillin E-test strip (AB Biodisk, Sweden), plates were incubated 37°C for 24 h. The minimal inhibitory concentration (MIC) was identified as the lowest concentration of bacterial inhibition. MICs 54 μg/ml were identified as MRSA.
DNA extraction
Frozen stocks of all S. aureus isolates (n = 181) were used to inoculate 5 ml of tryptic soy broth and cultured at 37°C overnight. Genomic DNA was isolated from overnight cultures using the DNeasy blood and tissue culture kits (Qiagen, Germany) using manufacturer's instructions modified to include a digestion step with Lysostaphin (10 mg/ml; Sigma-Aldrich, USA).
spa-and SCCmec typing
The X-repeat region of the protein A gene (spa) was amplified by PCR with primers spa1095u 5′-AGACG ATCCTTCGGTGA and spa1517d 5′-CAGCAGTAG TGCCGTTTG as described previously, and sequenced by SeqWright Inc. (USA) with the same primers [23] . Sequence traces were edited using SeqMan Pro (DNASTAR, USA). Both the eGenomics (www. egenomics.com) and Ridom (www.spaserver.ridom. de) spa sequence databases were queried to assign spa types, and newly identified types were submitted for database inclusion. All isolates were screened for the presence of the mecA gene, and the staphylococcal chromosomal cassette mec (SCCmec) genetic element was characterized for all mecA-positive isolates by scoring the mecA gene complex (mecA class A, B, C) and ccrABC gene complexes (ccrAB1-ccrAB4, ccrC) as described previously [24] .
Social network diagram
Data regarding identification numbers, network size of IDUs, and coupon numbers were exported from 
Statistical analysis
The method of generalized estimating equations (GEE) was used to control for the lack of independence between participants [25] . Independence between participants could not be inferred due to the use of RDS. In order to estimate the variance between participants, the recruiters for IDUs were specified and the network size (number of known IDUs per participant) was used as the control variable. Bivariate GEE analyses (controlling for network size of IDUs) were conducted to determine whether marginal associations (P < 0·25) exist between colonization status and risk factor(s). To determine a multivariable model, the quasi-likelihood information criterion (QIC) with the exchangeable correlation structure was used for model selection [26] . The best-fitting model was identified with the lowest QIC value and significant covariates (P < 0·05). To control for additional confounding, gender, employment, HIV status, and antiretroviral use were included in the final multivariate model. Adjusted odds ratios, 95% confidence intervals, and P values are reported.
RESULTS
Prevalence rates of S. aureus nasal carriage
The NHBS-IDU3 enrolled 596 eligible participants and a total of 443 (74·3%) participants consented to a one-time nasal swab. Three participants did not complete the NHBS core questionnaire and were excluded. All participants included in this study (N = 440) consented to a rapid, oral HIV test. A total of 106 participants (24·1%) were positive for S. aureus. The majority of S. aureus-positive participants carried MSSA (76·4%) and 25 participants (23·6% of carriers, or 5·7% of all participants) carried MRSA (data not shown). Of the 440 participants, 7·1% were HIV positive and only one HIV-positive participant was colonized with MRSA. The majority of non-colonized individuals were HIV negative (92·5%). Figure 1 represents a visualization of NHBS-IDU3 recruitment and S. aureus nasal screening protocol.
NHBS-IDU3 recruitment diagram and S. aureus nasal colonization
A highly linked IDU population with no apparent pattern regarding MRSA or MSSA colonization status was observed. All 'seed' participants (n = 3) in this study were nasally colonized with MSSA. The majority of linked nodes were non-colonized participants and 30·19% of colonized participants were terminal nodes.
Demographic and behavioural risk factors of S. aureus nasal carriage
The mean age of colonized participants was significantly lower than that of non-colonized participants ( Table 1) . The IDU population consisted mostly of males (78·9%), that identified as never married (42·5%), and 58·6% indicated their race as Black/ African American. Most participants had some high school education (73·4%) and a large percentage had been unemployed (72·3%) or homeless (63·2%) at least once in their lives. A higher percentage of colonization was observed in females (25·7%), participants that were unemployed (77·4%), and those that never married (47·2%). Colonization status did not significantly differ with regards to sexually transmitted disease/hepatitis co-infection, HIV status, antibiotic use, hospitalization, or participation in a drug treatment programme (Table 1 ). Significant differences were observed in participants with scabs present at any body site (P = 0·023); however, the presence of abscesses did not significantly differ by colonization status.
Colonization status did not differ significantly in the investigated sex-and drug-related behaviours. A high percentage of participants stated that at their last sexual encounter, unprotected vaginal sex (63·9%), and sex for money/drug exchange (40·9%) was practised. Regarding injecting practices, participants reported using heroin (87·5%) most frequently, and the majority of participants injected at least once a day (46·6%). Colonization rates were higher for participants who injected heroin (92·5% colonized vs. 85·9% not colonized); those that did not inject heroin resulted in lower rates (25·5% colonized vs. 32·9% not colonized).
GEE logistic analyses yielded 11 covariates that were marginally associated with colonization status when controlling for the size of the recruitment network and included: age, marital status, employment status, and participants that presented with scabs, gender, HIV-positive status, antiretroviral use, participation in a drug treatment programme, participation in vaginal sex, and heroin (injection and non-injection) drug use ( Table 2 ). Of particular interest, those with scabs at any body site were more likely to be colonized with S. aureus; however, the same was not observed for individuals presenting with abscesses [adjusted odds ratio (aOR) 0·96, 95% confidence interval (CI) 0·85-1·09].
Age (aOR 0·99, 95% CI 0·99, 1·00), heroin injection (aOR 1·13, 95% CI 1·01-1·27), and heroin noninjection (aOR 0·90, 95% CI 0·83-0·98) drug use was significantly associated with colonization when controlling for gender, employment status, HIV status, and antiretroviral use (data not shown).
Molecular characterization of S. aureus isolates
Of the 181 isolates, nine were non-typable in spa sequence. Of the remaining 172 isolates, a total of 49 unique spa types were observed; surprisingly, four of these types were new to the Ridom database and 15 were new to the eGenomics database. The most common spa types were t008 (25·6%, found in 26 participants), t189 (8·7%, 10 participants), t688 (5·2%, six participants), and t050 (4·7%, five participants). Of 32 MRSA isolates with a typable SCCmec element, all were SCCmec type IV, and 30 of these 32 isolates were t008 and related spa types (Table 3) . This spa-SCCmec combination is characteristic of the USA300 MRSA clone, which has been documented in nearly 36 countries and is associated with outbreaks in specific populations [27] . Known for its virulence, USA300 is currently the most prevalent community-associated MRSA in the United States and is a major source of healthcare-associated infection [27, 28] . The other two MRSA isolates with SCCmec type IV were spa t9197, which differs by a single base pair from the spa t002 typically seen in the USA100 and USA800 MRSA clones of clonal complex 5 [29] [30] [31] .
The molecular data also allow an estimate of the number of participants that were co-colonized with more than one strain. Of the 172 isolates with typable spa sequences, 70 pairs of isolates from the same participants can be compared. Of these pairs, spa types matched in 62 pairs and mismatched in eight pairs. None of the subjects with mismatched spa types was co-colonized with MSSA and MRSA. Thus, the probability of co-colonization, defined from mismatched pairs, is 8/70 (11·4%). However, this estimate may be underestimating the true number of participants that were co-colonized since multiple bacterial colonies from each participant were not investigated.
DISCUSSION
The IDU population identified in this study characteristically consisted of middle-aged individuals of low socioeconomic status and included participants that engaged in high-risk sexual practices. Prevalent and incident HIV-positive individuals were without physical evidence of immune suppression. This study identified a significantly higher MRSA colonization rate (5·7%) compared to rates described for the general population [18] [19] [20] . Commonly identified clinical risk factors such as HIV status or antibiotic use were not associated with S. aureus colonization. However, age and heroin (injection/non-injection) drug use was significantly associated with colonization. In addition, spa typing showed a surprising diversity of new types in this population, with 15/49 types never before observed in one or the other international spa databases. On the other hand, nearly all of the MRSA were USA300 and related variants, with the exception of two isolates that were similar to MRSA clones of clonal complex 5. Previous epidemiological work has shown an association between USA300 and injection 
aOR, Adjusted odds ratio; CI, confidence interval; GED, general education diploma. Values represent the adjusted odds ratio, 95% CI (in parentheses), and P values. Three transgender individuals were excluded. ‡ Not including HIV. § Past 12 months. ¶ By itself. || Powdered, crack. * P < 0·05 † P < 0·25. 
MSSA, Methicillin-sensitive S. aureus; MRSA, methicillin-resistant S. aureus. * Newly identified Ridom or eGenomics spa type.
drug use [32] . The discovery of new types of S. aureus in the United States suggests the need for continued monitoring. These findings identified a highly linked population in which transmission/propagation of strains associated with outbreaks is likely. Outbreaks in IDUs have been described and concerns regarding MRSA transmission into healthcare settings remains problematical [6, [33] [34] [35] . The association of heroin (injection/non-injection) use and S. aureus nasal colonization was anticipated since several studies have observed an association between injection drug use and colonization [7, 15, 35] . However, specific drug use and the route of administration had not been previously examined with regard to colonization/infection. Gwizdala et al. found that heroin drug use (injected or snorted) was associated with an increased colonization risk (aOR 12·2, 95% CI 1·5-98·8) [9] . However, Basseti et al. observed no association between heroin use (injected or smoked) and carriage status [36] . The terms 'drug use' or 'illicit drug use' used in previous colonization studies did not differentiate between administration methods and were overly inclusive, which may contribute to the variability in studies. The elevated odds of colonization may be attributed to repetitive skin breakage, shared drug paraphernalia, and overall poor hygiene. It is unclear why non-injection heroin use was protective. The possibility that heroin or heroin drug mixtures with an antibacterial or binding interference property should be considered as a previous study determined that street heroin possessed antibacterial effects against S. aureus [37] . These risk factors appear contradictory; however, it is plausible that the act of injecting heroin itself may not cause haematogenous seeding or the initial infection. Rather, infection/colonization of the injection site following the initial puncture may account for increased colonization. Additionally, the use of antibiotics or recent exposure to healthcare settings may be confounding as described in previous studies [3, 17] . These original findings need to be replicated and further explored.
In the current study, colonized participants were younger than non-colonized participants (P = 0·002). Several studies have identified older age and the presence of wounds/scabs as significant risk factors for colonization and infection in various populations [38, 39] ; however, in IDUs age had not previously been identified as a significant risk factor [15, 36] . In this study, younger participants were more likely to participate in high-risk sexual activities and reported more frequent injection drug use (IDUs aged <35 years).
The present investigation has a number of strengths including the recruitment of communitybased IDUs and the use of a validated core questionnaire (previously used in the NHBS-IDU1 and NHBS-IDU2 studies) assessing sex-and drug-related behaviours. The sampling methodology used here allowed for appropriate behavioural risk factor surveillance for this hard-to-access population [21] . Some limitations of the present investigation should also be noted. Due to the cross-sectional nature of this study, identified risk factors and colonization status were assessed at one time point, therefore temporal relationships cannot be determined. Furthermore, prevalence estimates may be underestimated because colonization status was assessed with one nasal swab and secondary colonization sites were not evaluated in this study. Roughly 20% of intermittent carriers may be missed when only a single sample is obtained [12] . Moreover, testing the anterior nares as the only site of colonization may underestimate the prevalence of extranasal colonization. An additional limitation was the potential for recall bias or inaccurate recollections. To minimize bias, questions ascertaining data 'at last sex' or a participant's most recent encounter were analysed. Last, we were statistically limited with regards to risk factor associations and outcomes could be a result of sampling error. Although our study has limitations, to our knowledge, this study is the only community-based nasal colonization study assessing S. aureus protein A (spa) types and specific sex-and drug-related behaviours in IDUs in the United States.
A number of factors contributing to S. aureus colonization and subsequent infections in IDUs exist. The complexity of this relationship is complicated by poorly characterized sex-and drug-related behaviours. Continual epidermal trauma, lack of hygiene, limited preventative healthcare, and overall poor health are all risk factors associated with frequent, acute hospitalizations [5] . The combination of high MRSA colonization rates and circulating epidemic MRSA strains observed in our study, coupled with repeated contact with healthcare settings are especially problematical for infection control practitioners, healthcare personnel, and patients. Introduction of epidemic strains of MRSA may have detrimental health and financial consequences to other vulnerable and immunocompromised patient populations. Preventative interventions, prophylactic care for S. aureus decolonization, and aggressive treatment for infections should be examined in IDUs. Potential prevention strategies to be studied in this population include implementing clean needle-exchange programmes and education regarding behavioural risk factors. Other biomedical prevention strategies currently being implemented such as post-exposure oral prophylaxis (PEP) and preexposure oral prophylaxis (PrEP) have been identified as reduceing HIV incidence and may be beneficial in preventing co-morbid conditions such as S. aureus invasive infections. In order to prevent outbreaks in IDUs, further research within this hard-to-access community must be conducted.
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